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Sand gradation and derived properties are modified by pile installation. The authors deserve praise for providing an extensive and unprecedented set of triaxial data to clarify this fundamental issue. One conclusion of practical significance refers to the position of critical state lines in the compression plane. The authors state that "New critical state lines apply to the fractured sand that fall substantially below those manifested by fresh samples when sheared at lower effective stress levels"
We would like to offer here a complementary view, based on recently published results from a DEM model of Fontainebleau sand (Ciantia et al. 2018) . Muir Wood & Maeda (2008) introduced the idea of a unique critical state plane (CSP), to which all critical state lines of a given sand at different stages of grading evolution would belong. A CSP equation may be written as
Where e cs and p´c s are the values of void ratio and mean effective stress at critical state, and I G is the grading state index (Muir Wood, 2007) , quantifying the evolution of grading when critical state is attained. The parameters  and are to be determined by experiment. Ciantia et al. (2018) performed an extensive set of numerical high-pressure triaxial tests in which grading evolution was continuously tracked. From that work it followed that the CSP Figure 11 and the supporting data are provided in tabulated form as supplementary material to this discussion. The experiments fit well the numerically predicted CSP, with a normalised standard error of 0.1%.
It is perhaps surprising that results derived from such an idealized model as that presented in Ciantia et al. (2018) compare so well with physical experiments. Amongst its many simplifications two stand out: non-spherical particle shape effects are mimicked by the expedient approach of blocking element rotations; also some particle volume is loss at every single crushing event. It would appear that it is advantageous to adopt a flexible modelling approach that focuses specifically on the important aspects of granular interaction. Ciantia et al. (2018) calibrated their DEM model using results from two triaxial tests at low pressure and a single high pressure oedometer on Fontainebleau sand. That was supplemented with generic single particle crushing information from other quartz sands.
We think that the technical skill, human effort and level of investment required to obtain a CSP using DEM simulation is far smaller than that applied by the authors in the laboratory.
